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(54) Vehicle deformation collision sensor 

(57) A collision deformation sensor system for acti- 
vating passive safety systems in a vehicle. The system 
includes one or more deformation sensors (12a, 12b). 
The sensors (12a, 12b) take the form of patterns (30) or 
circuits which vary their resistance with deformation. 
The sensors (12a, 12b) are placed upon one or more 
structural components (22) of the vehicle, such as a 
door interior, a quarter panel and/or a chassis frame. In - 
the event of a collision, the deformation of the structural 



compohent(s) (22) causes the resistance of the sensor 
(12a, 12b) to alter. This resistance change is sensed 
and, if sufficiently iargeto indicate a dangerous collision, 
the controller activates the passive safety system(s). 
The controller may receive signals from sensors, such 
as accelerometers to verify a collision and/or sensors to 
indicate passenger presence. The controller may also 
determine the severity of the collision and adapt We pen-;;; 
formance of the passive restraint system(s) to the par-! 
ticular collision. 
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De cription 

The present invention relates in general to vehicle 
passive safety systems. In particular, the present inven- 
tion r lates to an improved collision detection system 
including sensors to detect deformation of the vehicle 
caused by a collision. 

Various types of passive safety systems are known 
for improving the safety of vehicles. Two of the most 
common are pretensioning seat belts and air bags. Air 
bags and pretensioning seat belts both require the sens- 
ing of an impact or collision of the vehicle to initiate their 
operation. While vehicle collisions often involve large 
forces, it is nonetheless difficult to accurately determine 
if a collision has actually occurred. 

One of the more common contemporary collision 
sensors is the accelerometer. The accelerometer may 
measure the sudden deceleration of the vehicle, such 
as when the vehicle runs headlong into an object, or may 
measure the increase in acceleration, such as an in- 
crease in acceleration to the side as a result of being hit 
broadside. 

Two basic types of accelerometers are employed, 
mechanical and electrical. A typical mechanical accel- 
erometer may be a weight held in position by a spring, 
with the force of the spring being overcome (and the 
weight therefore moving) only under a predetermined 
acceleration. The accelerometer therefore includes 
some arrangement to sense if the weight has moved, 
indicating that the acceleration has been reached (i.e., 
a collision has occurred). While these typically operate 
well, it is worrisome that the weight remains in the same 
position until there is a collision, which may be years 
after the sensor is manufactured. Specifically, there is 
the worry that after sitting in the same position for pos- 
sibly years, the weight will not move if the predetermined 
acceleration is reached. Any corrosion or sticking, pre- 
venting movement of the weight, will result in the pas- 
sive systems: not operating evenlhough a collision has 
occurred. "" :x " : :: - : 

; The electrical accelerometer typically includes a pi- 
ezoelectric element which produces an electric charge ; 
when squeezed This element is placed between a fixed 
structural member and a movable weight such that ac- 
celeration causes the weight to squeeze the element, 
producing the electric charge. This charge is measured, 
and a sufficiently large charge indicates that thecollision V 
acceleration has been reached The movement of the 
weight is again a problem with this type of sensor, with 
sticking of the weight again producing less of a signal 
than required, and thus not detecting a collision. 

Furthermore, both types of accelerometers may re- 
port false collisions. For example, slamming the vehicle 
door closed may produce a sufficient force to caus the 
accel rometer to set off the passive safety systems. For 
th se reasons, a second type of collision sensor, the im- 
pact sensor, is sometimes preferred. 

The impact sensor operat s on a different principl , 



in that it do s not measur the acceleration of the vehi- 
cle, but an actual impact. A known impact sensor takes 
the form of a rod having one end braced against the side 
of the vehicle rocker panel (just below the door), and the 
s other end braced against a switch. In a collision, the im- 
pact of th collision will deform the rocker panel, pushing 
the rod inward to activate the switch, which in turn acti- 
vates the passive safety systems. 

One drawback of impact sensors is their size. In the 
10 example above, the first end of the rod must be placed 
a sufficient distance from the switch such that the defor- 
mation will move the rod relative to the switch. In other 
words, if the switch is too close to the rocker panel, the 
deformation will move the switch along with the rod, as 
a unit, and the switch will not be activated. 

Another drawback with impact sensors is their 
"point" nature. Phrased differently, they only sense the 
impact at the specific point at which they are located. In 
the above example, an impact with a relatively high ob- 
ject, such as an off-road vehicle having high ground 
clearance, would result in an appreciable deformation 
of the door before the rocker panel below the door be- 
gins to deform. However, the rod is not moved until there 
is deformation of the rocker panel. As such, the collision 
may not be sensed early enough for the passive safety 
systems to fully deploy. 

An object of the present invention is to provide a 
vehicle collision sensor which accurately and reliably 
senses a vehicle collision. 

Another object of the present invention is to provide 
such a sensor which reduces to possibility of a false col- 
lision detect ion. 

Yet another object of the present invention is to pro- 
vide such a sensor which detects the deformation of the 
vehicle due to the collision. 

A further object of the present invention is to provide 
such a sensor which is thin, permitting the sensor to de- 
tect deformation in previously unavailable areas. 

Yet another object of the present invention is to pro- 
vide such a sensor which can detect deformation over 
a large area of the vehicle/ : 

These and other objects are achieved by a collision 
deformation sensor system for activating passive safety 
systems in a vehicle. The system includes one or more 
deformation sensors. The sensors take the form of pat- 
terns or circuits which vary their resistance with defor- 
matidn; The sensors are placed upon ; 
nents of the vehicle, such as the door interior, the quarter 
panels, aric^r the:^ 

deformation of the structural component(s) causes the 
resistance of the sensor to alter. This change in resist- 
ance is sensed by control circuitry, and, if sufficiently 
large to indicate a dangerous cplli^^ 
cultry activates the passive safety sj^tem(s). Tlie cdn^^x ; 
trol circuitry may additionally receiv input signals from 
other sensors, such as accelerometers to verify a colli- 
sion and/or sensors to verify if a passenger is present 
in a seat. The control circuitry may also d termin th 
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severity of the collision and adapt the performance of 
thepassiv restraint system(s) to the particular collision. 

The obj cts and features of the invention noted 
above are explained in more detail with reference to th 
drawings, in which like reference numerals denote like 
elements, and in which: 

Fig. 1 is a side view with partial cut-away of a vehicle 
door having a sensor according to the invention; 

Fig. 2 is an interior side view of a vehicle quarter 
panel having a sensor according to the invention; 

Fig. 3 is a side detail view of a vehicle frame having 
a sensor according to the present invention: and 

Fig. 4 is a schematic diagram showing the arrange- 
ment of elements in an embodiment of a controller 
according to the present invention. 

With reference to Fig. 1 , a collision deformation sen- 
sor system according to the present invention is gener- 
ally designated by reference numeral 10. The system 
10 generally includes a deformation sensor 12 and a 
controller 14 operatively connected to the sensor. The 
controller 1 4 is in turn operatively connected to one or 
more passive safety systems 16. 

Prior to a more detailed discussion of the inventive 
sensor system, the passive safety systems controlled 
by the sensor system will be described. These passive 
systems 16 may take any form which automatically op- 
erates due to a collision to improve passenger safety. : 
The most common forms are air bags and pretensioning 
safety belts. The safety belts are of course associated 
with the passenger seats, and any type of belt arrange- 
ment, and pretensioning mechanism, may be used; 

With regard to air bags, as is known in the art the 
bags may be placed at numerous locations within the 
; passenger cabin. Common locations are the steering 
wheel, passenger side dashboard, rear face of the front 
seats, and between the passenger seats and the lateral 
sides (typicalfy dcx)rs) of the vehicle for side impact pro- 
tection. Any or all of these locations, plus other locations 
as shown in the prior art, may be employed with this sys- 
tem. Furthermore, any or all of the air bags may be of : 
the adaptive type, where differing amounts of inflation 
gas may be produced depending upon the severity of 
the collision. 

." For each of the passive safety systems, their need 
is of course dependent upon the presence of a passen- 
ger. For most vehicles, at least during a collision, there 
will typically be at least one passenger, who is the driver. 
• However, the other seats will not necessarily be bccu- : 
pied. As such, passive safety systems may not be re- 
quired for those seats which are empty. This will be dis- 
cussed more below 

Returning to the invention, the;^ 
to a structural component 18 of the vehicl which will 



undergo deformation upon a collision, hereafter referred 
to as a deformable component. The deformable compo- 
nent may be any one of numerous structural compo- 
nents commonly known in vehicles. For example, in au- 
s tomobiles the deformable component may be an exte- 
rior body panel, such as a door 20 shown in Fig. 1 , or a 
quarter panel 22 shown in Fig. 2. Alternatively, the de- 
formable component may be a section 24 of the frame 
or chassis 26 of the vehicle, as shown in Fig. 3. For other 

10 vehicles, the possibilities will of course vary. For exam- 
ple, in a truck the tailgate may be a deformable compo- 
nent. Additionally, the deformable component is not lim- 
ited to these particular land vehicles, but could be an 
appropriate structural component of an aircraft, water- 

is craft, train car, etc. 

The sensor 12 may take various forms, but prefer- 
ably is, or includes, a thin film element 28 which varies 
an electrical property upon elongation or compression 
. within the plane of the element, or upon bending about 

20 a line parallel to the plane of the film, Thin film strain 
gauges may be employed for the element 28. Suitab 
members to form the elements 28 are also shown in U. 
S. Patent No. 5,086,785 to Gentile and U.S. Patent No./ 
5,309, 1 35 to Langford, both of which are included herein^^^rV 

25 by reference. While various elements are shown within f c tiA 
these patents, the most preferred forms are variable re- 
sistors. Even here, the most preferred forms of variable 
resistors are inks or other formulations which may be 
readily printed or applied. I n general, any sensor whic h 

30 detects displacem ent in a direction oth °rthffln no rmal tr> 
the plane of the turn may be employed. 
: " The ssn§6r 1 2 takes the general Torm of a circuit 
trace or pattern 30 defining a path for current flow. The 
particular shape of the pattern preferably is designed to 

35 extend over at least a portion of the deformable compo- 
nent, with this portion of course being deformable upon 
collision. To ensure that deformation of the component 
causes deformation of the element, it is further preferred 

.'I].-, that the pattern cross and recross the portion multiple 

40 times. • " 

While shown in Fig. 1, it is not necessary that the 
entire pattern 30 be formed by the element 28: With ref- 
: erence to Fig. 2, it may be seen that the pattern 30 may "Q\ 
be formed of a plurality of spaced elements 28 connect- \£ 

45 ed together by standard conductive traces or lines 32. 
These standard conductive traces 32 do not vary their 

"V^ : electrical properties upon deformation of the deformable 
^ component As such, in the embodiment of Fig. 2; the 
individual elements 28 will each undergo a change in 

so electrical property upon their individual deformation, 
thus causing a change in the electrical property for the 

: : entire pattern 30. 

There may be advantages to forming the pattern 
with the individual elements 28. First, if the material to 

55 form the elements is xpensiv , this arrangement re- 
duces the amount of material used, reducing cost. Ad- 
ditionally, each element will contribute its own change 
in lectrical property. This means that if the deformable 
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may be achieved by spraying a coating, or securing a 
protective sheet, such as by adhesive. 

The sensor 1 2 is preferably mounted upon a section 
of the deformable component which is not visible. This 
s is not a limitation for th chassis 26 of Fig. 3. However, 
for exterior body panels, it is pr ferred that the sensor 
be mounted upon an interior face of the panel. Also, as 
noted above, the pattern should cover a portion of the 
component which will deform during a collision. 
10 For certain types of elements 28 the change in elec- 
trical property occurs only upon deformation in a partic- ,.' 
ular direction (e.g., bending about a line below the ele- 
ment, or elongation of the element). For these elements 
it is also necessary that the pattern, or at least the ele- 
15 ments within the pattern, be placed such that they will 
undergo the particular type of deformation during colli- 
sion. An example of this is shown in Fig. 3, where the 
sensor is mounted to a collapsible section 24 of the 
chassis. Such sections are designed to undergo a spe- 
20 cific predictable deformation under the force of a colli- 
sion, and as such the element(s) 28 may be appropri- 
ately placed. If the deformation is random, the use of 
plural small elements may be advantageous, since 
those elements which undergo the wrong type of defor- 
ms mation will not vary their electrical property. However, 
those elements which undergo the proper deformation 
will vary their property, and this may be sensed to acti- 
able component by any means which will permit defor- vate the passive safety system(s). 
mation of at least the elements 28 upon deformation of As is best shown in Fig. 2, it is also possible to use 

the deformable component. This will vary with the par- 30 more than one sensor on each component. In the em- 
ticular deformable component. For some components bodiment shown, the exterior quarter panel 22 is prbvid- 
(typically those having very predictable and simple de- : ed with a first sensor 12a in a portion corresponding to: 
formed shapes), simply securing the periphery, or a por- ; : / the front area of the vehicle, and a second sensor 12b 
tion of the periphery, of the substrate to the component • ; in a portion corresponding to a side of the vehicle. In this 
will be sufficient to ensure that the element is deformed 35 manner, the first sensor 1 2a may be used to sense a 
with the component. This may be achieved with stand- frontal collision, while the second sensor 12b senses 
ard fasteners such as screws, etc., or may bebyadhe- side or lateral collisions. As noted above, the elements 
sive bonding, or heat or ultrasonic bonding. For most may be oriented to avoid or reduce improper sensing 
componehts, however, a more secure mounting as second sensorl 2b for lateral collisions sensing • 

sired. w*™*™-*,™*: • 40 - • - : a frontal collision); 

Typically, the entire substrate (or at least those sec- More than one sensor may also be used to sense 

tions under the elements 28) is secured to the compo- a collision within a common area For example, two sen- 
• :: . ::::•• nent. For most metal components, this will be achieved : sor patterns could cover a common area, and both be*: 
by adhesively securing the substrate to the component. connected to the controller. The controller would only 
For plastic components, adhesives may be used* but *s activate the safety systems if both sensor underwent a 
heat or ultrasonic welding is also possible^ as i s molding- sufficient change in property to justify activation, but not 
the sensor within the element. if only one underwent such a change. This would tend 

Depending upon the component and the use; it may to guard against accidental activation of the safety sys- 
be preferred to form the sensor directly upon the com- terns. 

ponent This is shown in Fig 2; For this arrangement; so As noted above, the sensor(s) are operatively con^ 
the pattern 30 is directly applied to the component using nected to controller 14. If plural sensors are used, each 
the printing, spraying, transfer, etc. processes noted : : the controller, or is provided with its own^^ : : 

; : above. For this to be operative it is of course necessary • individual controller. • 
• that the compon nt be nonconductive (i.e., dielectric), Various controllers may be used with the sensors, ! ! 

or to form a dielectric layer upon the component prior to ss so long as th controller is capab! of receiving informa- 
forming the pattern. Additionally, it will typically be n c- tion relating to the electrical prop rty of the sensor, and 
essary to form an insulating and prot ctiv cover layer initiating a safety system activation signal upon a suffK 
over the pattern, as in the previous mbodim nts This cientchang in the electrical property 



component is only slightly deformed (such as by a car 
door or shopping cart), there is only a slight change in 
the electrical property of the pattern. Whil a pattern 
formed entirely of the element 28 would also hav less 
change in electrical property for such a small deforma- 
tion, the change would still be larger than for the spaced 
individual elements. 

As should be apparent, the pattern must be con- 
nected to the controller 1 4 for the controller to sense the 
change in electrical property. To this end, the sensor will 
have an appropriate connector 34 to permit wiring 36 to 
be attached to the ends of the pattern. To reduce the 
amount of materia! required and to simplify installation, 
it is referred that the ends of the pattern be placed in 
close proximity. This additionally permits a single con- 
. nector to be used for the sensor. 

X \y The sensor 1 2 is mounted to the deformable com- 
ponent in such a manner that deformation of the deform- 
able component will in turn cause deformation of the 
sensor. This mounting may be effected by forming the 
pattern upon a flexible substrate 38 (Fig. 1). Various suit- 
able substrates, such as Mylar®, are available. The pat- 
tern may be placed on the substrate by printing, paint- 
ing, transferring or other suitable techniques: A suitable 
insulating and protecting cover layer 40 is typically 
formed over the pattern at this point. 

The substrate may then be secured to the deform- 
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Th controller may consist of or include a simple 
circuit which produces the activation signal upon a suf- 
ficient absolute change in the property. For example, 
from an original baseline value of 5, the circuit activates 
when the property reaches a value of 30. However, it is s 
desirable to take into account changes in the property 
which are not relevant to the collision. For example, ther- 
mal expansion or contraction, age, or an existing defor- 
mation of the component may cause a change in the 
property which is independent of any collision. 10 

As such, it is preferred that the controller constantly 
reset its baseline value for the property, and thereafter 
consider changes in the property relative to this updated 
baseline. In this manner the controller does not activate 
based upon the absolute amount of change in the prop- is 
erty, but rather upon the rate of change in the property. 
Changes in the property due to thermal expansion, etc. 
noted above occur slowly, and thus may be disregarded. 
Collisions, however, occur rapidly, and these rapid 
changes may be detected to cause the controller to ac- 20 
tivate the safety systems. 

This arrangement is shown in Fig. 4, where the con- 
troller 14 employs a microprocessor 42 which checks 
the value of the property several times a second, and 
stores the previous reading in a memory 44 as the base- 25 
; line for each subsequent reading. With this method, the 
stored baseline is subtracted from the current reading, 
providing the amount of change in the property since the 
last reading. This value is then compared to a threshold 
value stored in the memory 44. Only when this calculat- 30 
ed value is greater than the threshold value will the con- 
troller activate the safety systems. 

As noted above, the controller 1 4 compares the dif- . : : 
ference between the current reading of the sensor and 
the stored baseline value against a stored threshold val- 35 
ue; Such a basic system will operate effectively and pro- 
vide very effective protection to the passenger(s) of the 
vehicle. However, the controller may also consider other 
factors in determining whether to activate the safety sys- 
tems: ' 40 
: ' x: '^::^v;:vFor example, tfte controller ma 

from one or more accelerometers 46 mounted on the ; ; 
vehicle. The accelerometers would be located and pp- f • 
erate in a standard manner, but the controller would also 
consider their input. For example, the controller could 
perform an "AND" operation, where the safety systems 
are activated if both the sensor 12 and the accelerom- 
eter 42 indicate a collision, but are not activated if only 
^ ; : ; ; <6ne or the other indicates a collision. 

As another example, the controller 14 could receive so 
input from sensors 48 which determine if a passenger 
is present in a particular area. The controller would then 
activate the safety systems for that particular area only 
;: : if the passenger were sensed to be present. Similarly, ; 
there may b out-of -position sensors (not shown) to de- ss 
termine if passengers are sitting unusually far forward 
or to the side of the seat. In such a situation the controller 
could initiat the safety systems sooner than normal, or 



with a different inflation (i.e., pr ssure output) profile to 
provide ad quate protection even for these passengers. 

The controller may also consider the characteristics 
of the change in sensor property to judge the severity of 
the collision, and cause the safety systems to adapt their 
respons accordingly. For example, the controller may 
consider not only whether the calculated change in sen- 
sor output has exceeded the threshold value, but also 
by how much the threshold has been exceeded! For ex- 
ample, if the change in sensor output barely exceeds 
the threshold value, this wouid indicate a relatively minor 
collision, and the safety systems could be activated to 
provide a moderate response, such as by activating an :: , 
air bag at a low amount of inflation. Conversely, a 
change in sensor output greatly exceeding the threshqld 
value would indicate a severe collision, and the safety 
systems could be activated to their highest level, such • 
as by providing greater inflation pressure to the air bag. 

From the foregoing it will be seen that this invention 
is one well adapted to attain all ends and objects here- 
inabove set forth together with the other advantages 
which are obvious and which are inherent to the struc- 
ture. 

It will be understood that certain features and sub- 
combinations are of utility and may be employed without 
reference to other features and subcombinations. This 
is contemplated by and is within the scope of the claims. 

Since many possible embodiments may be made 
of the invention without departing from the scope there- 
of, it is to be understood that all matter herein set forth 
or shown in the accompanying drawings is to be inter- 
preted as illustrative, and not in a limiting sense/ : 

Claims 

1. A vehicle deformation collision sensor (10) compris- 
ing: 

a substrate (38). 
^;; : ;;V a circuit pattern (12, 12a, 12b) formed upon 
said substrate (38), at least portions (28) of said 
circuit pattern (12, 12a, 12b) having an electri- 
cal property which varies upon said deforma- 
tion of said portions (28), 
said substrate (38) being mounted upon a com- 
ponent (20, 22, 24) of a vehicle def ormable by '.; 
collision. 

2; The sensor (10) of claim 1, further including a cover 
layer (40) over said circuit pattern (12, 12a, 12b). 

3. The sensor of claim 1 or 2, wherein said substrate 
(38) is adhesively secur d to said deformable com- > 
pon nt (20,22, 24). 

4. ; The sensor of claim 1 , 2 or 3,.wherein said deform- 

able component (20, 22) is an xterior body section 
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of the v hid . 

5. The sensor of claim 1 , 2 or 3, wherein said deform- 
able component (26) is a section (24) of a fram of 
said vehicle. s 

6. The sensor of any preceding claim, wherein more 
than one of said sensors (12a, 12b) is mounted up- 
on said deformable component (22). . 

- 70- 

7. The sensor of any preceding claim, wherein said cir- 

cuit pattern (12a, 12b) includes lines (32) formed of 

conductive material which does not change said 
electrical property upon said deformation, with said 
lines (32) being connected by elements (28) of con- is 
ductive material which does change said electrical 
property upon said deformation. 
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(54) Vehicle deformation collision sensor 

(57) A collision deformation sensor system for acti- 
vating passive safety systems in a vehicle. The system 
includes one or more deformation sensors ( 12a, 12b). 
The sensors (12a, 12b) take the form of patterns (30) or 
circuits which vary their resistance with deformation. ■ 
The sensors (12a, 12b) are placed upon one or more 
structural components (22) of the vehicle. such as a* 
door interior, a quarter panel and/or a chassis frame. In 
the event of a collision, the deformation of the structural 



component(s) (22) causes the resistance of the sensor 
(12a, 12b) to alter. This resistance change is sensed 
and, if sufficiently large to indicate a dangerous collision, 
the controller activates the passive safety system(s). 
The controller may receive signals from sensors, such- 
as accelerometers to verify a collision and/or sensors to 
;:ihdicate : passenger presence; The controller may also ; 
determine the severity of the collision and adapt the per- 
formance of the passive restraint system(s) to the par- 
ticular-collision. 
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